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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve ohmic 
characteristic by forming, in a p-side electrode, a contact 
layer which includes silver, in contact with a layer made 
of p-type nitride semiconductor and forming a layer 
made of tungsten on the contact layer. 
SOLUTION: A p-side electrode is constituted of a light 
transmitting electrode and a bonding pad section. More 
specifically, a block layer 13 comprising at least Si02 is 
selectively formed on a p-type GaN contact layer 9 and 
then a light transmitting electrode stacked with a first 
metal layer 10, second metal layer 11, and tungsten 
layer 12 is formed on the rest of the surface, As the first 
metal layer 10, silver is preferably used. As the second 
metal layer 1 1 , gold is preferably used. By using either 

silver or a mixture of silver and gold for contact metal to be brought into contact with the p- 
type contact layer 9, an ohmic contact with the p-type contact layer 9 can be improved. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st layer which consists of a nitride system semi-conductor of p mold, and the 2nd layer 
which consists of a nitride system semi-conductor of n mold, It has p lateral electrode contacted and 
prepared in said 1st layer, and n lateral electrode contacted and prepared in said 2nd layer. Said p lateral 
electrode The semi-conductor light emitting device characterized by having the contact layer which is 
contacted and prepared in said 1st layer and contains silver (Ag), and the layer which consists of a 
tungsten (W) prepared on said contact layer. 

[Claim 2] The semi-conductor light emitting device according to claim 1 characterized by preparing the 
translucency electric conduction film which consists of a metallic oxide on the layer which consists of 
said tungsten (W). 

[Claim 3] It is the semi-conductor light emitting device according to claim 1 or 2 which is further 
equipped with the overcoat layer prepared on said translucency electric conduction film, and is 
characterized by said overcoat layer having the layer which consists of nickel (nickel) contacted and 
prepared in said translucency electric conduction film. 

[Claim 4] The 1st layer which consists of a nitride system semi-conductor of p mold, and the 2nd layer 
which consists of a nitride system semi-conductor of n mold, It has p lateral electrode contacted and 
prepared in said 1st layer, and n lateral electrode contacted and prepared in said 2nd layer. Said n lateral 
electrode The contact layer which it is contacted and prepared in said 1st layer, and a hafnium (Hf), 
aluminum (aluminum), and titanium (Ti) are not, but consists of **, The semi-conductor light emitting 
device characterized by having the barrier layer which consists of a tungsten (W) prepared on said 
contact layer, and the bonding pad layer which consists of gold (Au) prepared on said barrier layer. 
[Claim 5] It is the semi-conductor light emitting device of any one publication of claim 1-4 
characterized by for said 1st layer containing the dopant of p mold, for thickness consisting of two or 
more layers lOOnm or less, and each of two or more of said layers consisting of a nitride system semi- 
conductor with which the adjoining layer differs from a presentation. 
[Claim 6] It is the semi-conductor light emitting device of any one publication of claim 1-5 
characterized by for said 2nd layer containing the dopant of n mold, for thickness consisting of two or 
more layers lOOnm or less, and each of two or more of said layers consisting of a nitride system semi- 
conductor with which the adjoining layer differs from a presentation. 
[Claim 7] It is the semi-conductor light emitting device of any one publication of claim 1 -6 
characterized by preparing irregularity in the front face of said 1st layer and said 2nd layer on which 
either at least contacts said electrode. 

[Claim 8] The semi-conductor light emitting device characterized by having the layer which turns into a 
luminous layer which consists of a semi-conductor from a metallic oxide, contacts and prepares in the 
translucency electric conduction film which has translucency to the light emitted from said luminous 
layer, and said translucency electric conduction film, and consists of**** nickel (nickel). 
[Claim 9] The manufacture approach of the semi-conductor light emitting device characterized by to 
have the process which forms the layered product which has p type layer which consists of a nitride 
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system semi-conductor of n type layer and p mold which consists of a nitride system semi-conductor of 
n mold, the process which forms the p side contact electrode layer in the front face of said p type layer 
of said layered product, and the process heat-treated in the ambient atmosphere containing reducibility 
gas. 

[Claim 10] The process which forms the layered product which has p type layer which consists of a 
nitride system semi-conductor of n type layer and p mold which consists of a nitride system semi- 
conductor of n mold, The process which forms the n side contact electrode layer in the front face of said 
n type layer of said layered product, The process heat-treated in the 1st temperature, and the process 
which forms the p side contact electrode layer in the front face of said p type layer of said layered 
product, The manufacture approach of the semi-conductor light emitting device characterized by having 
the process heat-treated in the 2nd temperature lower than said 1st temperature in the ambient 
atmosphere containing reducibility gas. 

[Claim 11] Said n side contact electrode layer is the manufacture approach of the semi-conductor light 
emitting device according to claim 10 characterized by for a hafnium (Hf), aluminum (aluminum), and 
titanium (Ti) not being, but consisting of **. 

[Claim 12] Said p side contact electrode layer is the manufacture approach of the semi-conductor light 
emitting device any one publication of claim 9-1 1 characterized by consisting of either a metal 
containing silver (Ag), or nickel (nickel). 

[Claim 13] The manufacture approach of the semi-conductor light emitting device any one publication 
of claim 9-12 characterized by having further the process which forms the translucency electric 
conduction film which consists of a metallic oxide on said p side contact electrode layer, and the process 
which heat-treats said translucency electric conduction film in the ambient atmosphere containing 
oxygen. 

[Claim 14] The manufacture approach of the semi-conductor light emitting device characterized by 
having the process which forms the semi-conductor layered product containing a luminous layer, the 
process which forms the translucency electric conduction film which consists of a metallic oxide on said 
semi-conductor layered product, and the process which heat-treats said translucency electric conduction 
film in the ambient atmosphere containing oxygen. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a semi-conductor light emitting device and its 
manufacture approach. In more detail, this invention is the light emitting device by which the laminating 
of the nitride system semi-conductor layers, such as GaN, InGaN, and GaAIN, etc. was carried out on 
the substrate, and contact resistance is related with the semi-conductor light emitting device which has a 
low electrode also with good dependability, and its manufacture approach. 
[0002] 

[Description of the Prior Art] By using the nitride system semi-conductor represented by gallium nitride, 
the light emitting device of a blue and green wavelength range is being put in practical use from 
ultraviolet radiation. 

[0003] In addition, in this application, the mixed crystal which contains Lynn (P), arsenic (As), etc. as a 
V group element in addition to N shall also be further included with a "nitride system semi-conductor" 
including the group III-V semiconducter of BxInyAlzGa(l-x-y-z) N (0<=x<=l, 0<=y<=l, 0<=z<=l). 
[0004] By forming light emitting devices, such as light emitting diode (LED) and semiconductor laser, 
using a nitride system semi-conductor, luminescence of ultraviolet radiation with the high luminescence 
reinforcement which was difficult until now, blue glow, green light, etc. is being attained. Moreover, a 
nitride system semi-conductor has high crystal growth temperature, and since it is the ingredient 
stabilized also under high temperature, application of electronic DEBAISUHE is also expected. 
[0005] Hereafter, as an example of the semiconductor device using a nitride system semi-conductor, a 
light emitting device is mentioned as an example and explained. 

[0006] Drawin g 8 is an outline sectional view showing the structure of the conventional light emitting 
diode where the nitride system semi-conductor was used. On silicon on sapphire 101, crystal growth of a 
GaN buffer layer (not shown), the n mold GaN layer 102, and the p mold GaN layer 106 is carried out, 
etching removal of a part of p mold GaN layer 106 is carried out, and the n mold GaN layer 102 is 
exposed. On the p mold GaN layer 6, the insulator layer 1 13 for current inhibition and the p side 
bonding electrode 123 (Ti/Au) connected with the p side transparent electrode 121 on it are formed in 
the bottom of the p side transparent electrode (Au) 121 and the p side bonding electrode, and the n 
lateral electrode 122 (aluminum/ Au) is further formed on an n mold GaN layer. 
[0007] In the light emitting diode of drawing 8 , the current passed from p lateral electrode can be 
extended to field inboard with the conductive good transparent electrode 121, from the p mold GaN 
layer 106, a current is injected into the n mold GaN layer 102, and light is emitted, and the light 
penetrates a transparent electrode 121 and is taken out out of a chip. 
[0008] 

[Problem(s) to be Solved by the Invention] However, the conventional nitride system semi-conductor 
which was illustrated to drawing 8 had the problem that it was difficult to secure an electrode and ohmic 
contact. That is, since a nitride system semi-conductor has the large band gap, it is difficult for it to 
consider ohmic contact as an electrode. Furthermore, formation of the layer which has high carrier 
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concentration is difficult for p mold and n mold, and the nitride system semi-conductor had the problem 
that formation of ohmic contact was difficult, also from this point. 

[0009] Moreover, since chemical wet etching was difficult for a nitride system semi-conductor, the 
problem on the process that it is difficult and an ohmic property is greatly influenced by the surface state 
of an electrode and a semi-conductor layer interface had also performed surface treatment before 
electrode formation. 

[0010] This invention was made in view of such a situation, a good ohmic property is acquired and the 
purpose is in offering the semi-conductor light emitting device by which dependability has also been 
improved, and its manufacture approach. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the semi-conductor 
light emitting device of this invention The 1st layer which consists of a nitride system semi-conductor of 
p mold, and the 2nd layer which consists of a nitride system semi-conductor of n mold, It has p lateral 
electrode contacted and prepared in said 1st layer, and n lateral electrode contacted and prepared in said 
2nd layer. Said p lateral electrode It can be contacted and prepared in said 1st layer, and can be 
characterized by having a contact layer containing silver (Ag), and the layer which consists of a tungsten 
(W) prepared on said contact layer, and the ohmic contact excellent in the p side can be secured. 
[0012] Here, by preparing the translucency electric conduction film which consists of a metallic oxide 
on the layer which consists of said tungsten (W), a current can be extended in a field and uniform 
luminescence can be obtained. 

[0013] Furthermore, said overcoat layer can improve the bond strength of the translucency electric 
conduction film and an overcoat layer by having the layer which consists of nickel (nickel) contacted 
and prepared in said translucency electric conduction film by having further the overcoat layer prepared 
on said translucency electric conduction film. 

[0014] Or the 1st layer which the semi-conductor light emitting device of this invention becomes from 
the nitride system semi-conductor of p mold, It has the 2nd layer which consists of a nitride system 
semi-conductor of n mold, p lateral electrode contacted and prepared in said 1 st layer, and n lateral 
electrode contacted and prepared in said 2nd layer. Said n lateral electrode The contact layer which it is 
contacted and prepared in said 1st layer, and a hafnium (Hf), aluminum (aluminum), and titanium (Ti) 
are not, but consists of **, The barrier layer which consists of a tungsten (W) prepared on said contact 
layer, While being characterized by having the bonding pad layer which consists of gold (Au) prepared 
on said barrier layer and securing good ohmic contact to the n side, a barrier layer can act effectively and 
dependability can also be secured. 

[0015] As a mode of desirable operation of this invention, said 1st layer contains the dopant of p mold, 
thickness consists of two or more layers lOOnm or less, and said two or more layers can be characterized 
by the adjoining layer consisting of a nitride system semi-conductor of a mutually different presentation, 
and can improve ohmic contact further. 

[0016] Said 2nd layer contains the dopant of n mold, thickness consists of two or more layers lOOnm or 
less here, and, as for said two or more layers, it is desirable for the adjoining layer to consist of a nitride 
system semi-conductor of a mutually different presentation. 

[0017] Moreover, either can expand the thing by which irregularity was prepared in the front face in 
contact with said electrode of said 1st layer and said 2nd layer, then a touch area with an electrode, can 
reduce contact resistance, and can improve the bond strength of an electrode. [ at least ] 
[0018] Or the translucency electric conduction film which has translucency to the light which the semi- 
conductor light emitting device of this invention serves as a luminous layer which consists of a semi- 
conductor from a metallic oxide, and is emitted from said luminous layer, The layer which contacts and . 
prepares in said translucency electric conduction film, and consists of **** nickel (nickel), It can be 
characterized by preparation ****** and the bond strength of the translucency electric conduction film 
and a metal layer can be improved in the semi-conductor light emitting device which has the 
translucency electric conduction film, using various ingredient systems, such as not only a nitride 
system semi-conductor but an InGaAlP system, and an InP system. 
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[0019] On the other hand, the manufacture approach of the semi-conductor light emitting device of this 
invention The process which forms the layered product which has p type layer which consists of a 
nitride system semi-conductor of n type layer and p mold which consists of a nitride system semi- 
conductor of n mold, It can be characterized by having the process which forms the p side contact 
electrode layer in the front face of said p type layer of said layered product, and the process heat-treated 
in the ambient atmosphere containing reducibility gas, and good ohmic contact can be acquired to the p 
side. 

[0020] Or the manufacture approach of the semi-conductor light emitting device of this invention The 
process which forms the layered product which has p type layer which consists of a nitride system semi- 
conductor of n type layer and p mold which consists of a nitride system semi-conductor of n mold, The 
process which forms the n side contact electrode layer in the front face of said n type layer of said 
layered product, The process heat-treated in the 1st temperature, and the process which forms the p side 
contact electrode layer in the front face of said p type layer of said layered product, It can be 
characterized by having the process heat-treated in the 2nd temperature lower than said 1st temperature 
in the ambient atmosphere containing reducibility gas, and good ohmic contact can be acquired. 
[0021] Here, the thing which a hafnium (Hf), aluminum (aluminum), and titanium (Ti) are not in said n 
side contact electrode layer, but consists of **, then good n side OMIKKU are obtained as a mode of 
desirable operation of this invention. 

[0022] Moreover, the thing which said p side contact electrode layer becomes from either the metal 
containing silver (Ag) or nickel (nickel), then good p side OMIKKU are obtained. 
[0023] Moreover, it is characterized by having further the process which forms the translucency electric 
conduction film which consists of a metallic oxide on said p side contact electrode layer, and the process 
which heat-treats said translucency electric conduction film in the ambient atmosphere containing 
oxygen, and the sheet resistance of the translucency electric conduction film can be reduced, and bond 
strength can also be made high. 

[0024] Or the manufacture approach of the semi-conductor light emitting device of this invention The 
process which forms the semi-conductor layered product containing a luminous layer, and the process 
which forms the translucency electric conduction film which consists of a metallic oxide on said semi- 
conductor layered product, The process which heat-treats said translucency electric conduction film in 
the ambient atmosphere containing oxygen, It is characterized by preparation ******, and using various 
semi-conductors, such as not only a nitride system semi-conductor but an InGaAlP system, and an InP 
system, in the semi-conductor light emitting device which has the translucency electric conduction film, 
the sheet resistance of the translucency electric conduction film can be reduced, and bond strength can 
be made high. 
[0025] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained referring to a 

drawing below. Drawing 1 is an outline sectional view showing the semi-conductor light emitting device 

concerning the gestalt of operation of the 1st of this invention. The semi-conductor light emitting device 

of this invention has the structure where the laminating of a GaN buffer layer (not shown), the n mold 

GaN layer 2, the n mold AlGaN contact layer 3, the n mold GaN contact layer 4, the n mold GaN layer 

5, the p mold GaN layer 6, the p mold AlGaN contact layer 7, the p mold InGaN contact layer 8, and the 

p mold GaN contact layer 9** was carried out one by one on silicon on sapphire 1 . 

[0026] p lateral electrode consists of a translucency electrode and the bonding pad section. That is, on 

the p mold GaN contact layer 9, the block layer 13 which consists of Si02 etc. is formed alternatively, 

and the translucency electrode which carried out the laminating of the 1st metal layer 10/the 2nd 

1 1 /tungsten (W) layer 12 of metal layers is formed on the remaining front face. 

[0027] The block layer 13 has the role which intercepts a current so that excessive luminescence may 

not arise under a bonding pad. Moreover, each thickness of each class of a translucency electrode is very 

thin, and the light emitted from a light emitting device is made to be penetrated, without seldom being 

absorbed. 

[0028] As 1st metal layer 10, it is desirable to use silver (Ag). Moreover, as 2nd metal layer 1 1, it is 
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desirable to use gold (Au). Or the 2nd metal layer may be omitted, using the mixture of silver and gold 
as 1st metal layer 10. Or when giving hydrogen annealing peculiar to this invention so that it may 
explain in full detail behind, the 2nd metal layer may be omitted, using nickel (nickel) as 1st metal layer 
10. 

[0029] On the block layer 13, where a part is connected to a translucency electrode layer, the bonding 
pad which deposited the titanium (Ti) layer 18, the tungsten (W) layer 19, and the golden (Au) layer 20 
on this order is formed. Here, in a glue line and the tungsten (W) layer 19, a barrier layer and the golden 
(Au) layer 20 act [ the titanium (Ti) layer 18 ] as a bonding layer. 

[0030] On the other hand, n lateral electrode is formed on n mold contact layer 4. That is, hafnium (Hf) 
layer 14 / (Aluminum aluminum) layer 15 / 16/golden (Au) layer 17 of hafnium (Hf) layers deposits on 
this sequence, and the bonding pad section which deposited the titanium (Ti) layer 18, the tungsten (W) 
layer 19, and the golden (Au) layer 20 on this order is further formed on it, 

[0031] Here, the middle golden (Au) layer 17 acts as a cap layer which protects the hafnium (Hf) layer 
16. In order to prevent a superfluous invasion of the gold (Au) to the inside of a semi-conductor, as for 
the thickness of the golden (Au) layer 17, forming comparatively thinly is desirable, or it can also omit 
it. 

[0032] Moreover, the titanium layer 18 acts as a glue line. The tungsten layer 19 acts as a barrier layer. 
Furthermore, a gold layer 20 acts as a layer which carries out bonding of the wire etc. 
[0033] The structure of illustrated n lateral electrode layer is only an example. In this invention, it 
characterizes by preparing the barrier layer to which the metal layer in contact with n mold contact layer 
4 is either a hafnium (Hf), titanium (Ti) or aluminum (aluminum), and consists of a tungsten (W) on it, 
and preparing further the bonding pad layer which consists of gold (Au) on it. 

[0034] The front face of a light emitting device is covered with the protective coat 22 which consists of 
Si02. 

[0035] The light emitting device of this invention does so the operation explained below by the 
configuration explained above. 

[0036] That is, ohmic contact in p mold contact layer 9 is sharply improvable according to this invention 
by using either of the mixture of silver or silver, and gold first as a contact metal in contact with p mold 
contact layer 9. this invention person came to do learning of the ability to reduce especially contact 
resistance, when contacting these metals in a semi-conductor layer, as a result of performing original 
examination. This is considered to be because it to become easy to react with p mold contact layer 9 by 
adding silver. 

[0037] Moreover, ohmic contact is improvable, maintaining the barrier effectiveness by forming the 
tungsten layer 19 as a barrier layer on the n side contact metal layer at the n side of a component 
according to this invention. That is, a barrier layer prevents the counter diffusion of the n side contact 
metal and a bonding pad, and has the operation which maintains dependability. Conventionally, as a 
barrier layer of n lateral electrode, platinum (Pt) was used in many cases. However, if platinum invades 
into a nitride system semi-conductor, it will act as a dopant of p mold. Therefore, in the case of 
temperature up processes, such as heat treatment, and solder mount or wire bonding after bonding pad 
formation, platinum was spread in n mold contact layer, and ohmic contact was degraded. 
[0038] On the other hand, this invention person discovered that prolonged dependability was secured, 
without degrading ohmic contact by using a tungsten layer as a barrier layer of n lateral electrode. 
Moreover, when either the hafnium (Hf) mentioned above as a contact metal when a tungsten layer was 
used as a barrier layer in this way, titanium (Ti) or aluminum (aluminum) was used, it turned out that a 
good result is obtained especially. 

[0039] Furthermore, according to this invention, ohmic contact is further improvable by forming these 
new configurations in a different new process from the former. Next, the manufacture approach of the 
light emitting device of this invention is explained. Drawing 2 is a flow chart showing the important 
section of the manufacture approach of the light emitting device of this invention. First, as shown in step 
SI, crystal growth of the semi-conductor layers 2-9 is carried out one by one on silicon on sapphire 1 . 
Crystal growth of each class can be performed by approaches, such as MOCVD (metal-organic chemical 
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vapor deposition) and Hydrides CVD and MBE (molecular beam deposition). 

[0040] Next, as shown in step S2, p type layer is etched. That is, the layers 6-9 which consist of a p type 
semiconductor are etched alternatively, and the n mold GaN layer 4 is exposed, concrete - for example, 
PEP (photo-engraving process) — patterning is carried out by law and it carries out by etching by the 
etching methods, such as RIE (reactive ion etching). 

[0041] Next, as shown in step S3, the contact section of the n lateral electrodes is formed. The 16/gold 
layer 17 of 15/hafnium layers of 14/aluminum layers of hafnium layers etc. is deposited on the GaN 
contact layer 4 by the vacuum deposition method, the sputtering method, etc., and, specifically, 
patterning is carried out by the lift-off method. 

[0042] Next, as shown in step S4, the sinter of the contact section of n lateral electrode is performed. 
Specifically, heat treatment of a 20-second about room is performed above 800 degrees C into nitrogen- 
gas-atmosphere mind. 

[0043] Next, as shown in steps S5 or S8, the translucency electrode layer of the p lateral electrodes is 
formed. Specifically, the sequential deposition of the 1st metal layer 10/the 2nd 1 1 /tungsten (W) layer 
12 of metal layers is carried out on p mold contact layer 9 by the vacuum deposition method, the 
sputtering method, etc. Here, the 1st metal layer 10 is either the mixture of silver, silver, and gold, or 
nickel, as mentioned above. As for the thickness, in the case of silver, it is desirable to be referred to as 
about 0.5-10nm. Moreover, when considering as the mixture of silver and gold, a silver ratio is made 
into 1 - 20 atom % extent, and, as for the thickness of the mixture layer, it is desirable to be referred to 
as about 0.5-10nm. Moreover, as for the thickness, in the case of nickel, it is desirable to be referred to 
as 0.5-5nm. 

[0044] Next processes differ a little according to the ingredient of p lateral electrode. That is, as shown 
in step S5, when nickel is used as a contact metal, in step S6, annealing is given in the ambient 
atmosphere containing reducibility gas. Hydrogen gas can be used as reducibility gas. Moreover, the 
ambient atmosphere can be made into the mixed gas of hydrogen and nitrogen, and it is desirable that it 
is the range whose volume fraction of hydrogen is 0.1% - about 5%. Moreover, as for annealing 
temperature, it is desirable to consider as 500 degrees C or less. 

[0045] Next, as shown in step S7, the bonding pad section is formed. Specifically, the titanium (Ti) layer 
18, the tungsten (W) layer 19, and the golden (Au) layer 20 are deposited on this order by vacuum 
evaporation technique, the sputtering method, etc. 

[0046] On the other hand, as a contact metal, as shown in step S8, when the mixture of silver or silver, 
and gold is used, in step S9, a sinter is once carried out. Specifically, it heat-treats in nitrogen-gas- 
atmosphere mind at 600-degree-C or more temperature of 800 degrees C or less. Heat treatment can be 
set as for about 20 seconds at 750 degrees C. 

[0047] Next, as shown in step S10, annealing is given in the ambient atmosphere containing the 
hydrogen as reducibility gas. This ambient atmosphere and annealing temperature are as having 
mentioned above about step S6. 

[0048] Next, as shown in step SI 1, the bonding pad section is formed. Specifically, the titanium (Ti) 
layer 18, the tungsten (W) layer 19, and the golden (Au) layer 20 are deposited on this order by vacuum 
evaporation technique, the sputtering method, etc. 

[0049] According to the above process, the semi-conductor light emitting device of this invention is 
completed. 

[0050] In the manufacture approach of this invention, good ohmic contact can be first acquired by 
forming and carrying out the sinter of the n lateral electrode in advance of formation of p lateral 
electrode. This reason is that the optimal sinter temperature over the contact metal of n lateral electrode 
used in this invention is higher than the optimal heat treatment temperature to p lateral electrode. That is, 
each heat treatment temperature [ in / to the sinter temperature of n lateral electrode in step S4 being 800 
degrees C or more / step S6, S9, and SI 0 ] is 800 degrees C or less. Therefore, carrying out the load of 
the superfluous heat treatment to p lateral electrode is lost by performing formation and the sinter of n 
lateral electrode previously, as shown in drawing 2 . 

[0051] Moreover, according to the manufacture approach of this invention, after depositing p lateral 
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electrode, the ohmic contact by the side of p and bond strength are further improvable by giving 
annealing in the ambient atmosphere of reducibility in steps S6 and S10. This is the experiment fact in 
which is contrary with the fact conventionally reported about the nitride system semi-conductor, and this 
invention person did learning uniquely. That is, when the nitride system semi-conductor of p mold was 
conventionally heat-treated in the hydrogen ambient atmosphere, the fact that p mold dopants, such as 
magnesium (Mg) contained in a semi-conductor, inactivated according to an operation of hydrogen was 
reported. If such inactivation arises, in order for the acceptor concentration of a p type semiconductor to 
fall, ohmic contact must have deteriorated. 

[0052] On the other hand, on the nitride system semi-conductor of p mold, first, when this invention 
person heat-treated in the ambient atmosphere which deposits p lateral electrode layer and contains 
hydrogen in after an appropriate time, he discovered that ohmic contact and bond strength were 
improved sharply. Qualitatively, this is conjectured to be because for reduction removal of the oxide 
which intervenes between a semi-conductor layer and an electrode layer to be carried out controlling 
inactivation of p mold dopant in a p type semiconductor layer by covering a p type semiconductor layer 
top in an electrode layer. 

[0053] Drawing 3 is a graphical representation showing the current potential property by the side of p 
lateral electrode of the light emitting device which this invention person made as an experiment. Here, p 
lateral electrode was made into width of face of 100 micrometers, and spacing of 20 micrometers. In 
drawing 3 , what was expressed as "this invention A" is the component which gave annealing for [ 500 
degrees-C ] 10 minutes in the nitrogen-gas-atmosphere mind containing hydrogen, using silver (Ag) as a 
contact metal by the side of p. Moreover, annealing in the inside of the ambient atmosphere in which 
what was expressed as M this invention B ,! contains hydrogen, using silver as a contact metal by the side 
of p is a component which is not given. Moreover, annealing in the inside of the ambient atmosphere in 
which what was expressed as the "conventional example" contains hydrogen, using gold (Au) as a 
contact metal by the side of p is a component which is not given. 

[0054] From drawing 3 , by using silver as a contact metal by the side of p, contact resistance falls 
conventionally and by giving annealing in the ambient atmosphere containing hydrogen shows reducing 
contact resistance further. As a contact metal, the same improvement was obtained, also when the 
mixture and nickel of silver and gold were used. 

[0055] On the other hand, drawing 4 is a graphical representation showing the current potential property 
by the side of n lateral electrode of the light emitting device which this invention person made as an 
experiment. Here, n lateral electrode was made into spacing of 350 micrometers. In drawing 4 , it is the 
component which was expressed as "this invention" using [ using a hafnium (Hf) as an n lateral 
electrode layer ] the tungsten (W) as a barrier layer. Moreover, it is the component which was expressed 
as the "conventional example" using [ using aluminum (aluminum) as a contact metal by the side of p ] 
platinum (Pt) as a barrier layer. 

[0056] According to this invention, drawing 4 shows that contact resistance decreases sharply 
conventionally. The same effectiveness was acquired also when aluminum (aluminum) or titanium (Ti) 
was used for a contact layer. 

[0057] In drawing 1 , the configuration of the layer near the contact by the side of p or n is good also as 
the structure which carried out the laminating of an InAlGaN layer and the AlGaN layer by turns, and 
structure which carried out the laminating of an InGaN layer and the AlGaN layer by turns, as expressed 
with the important section enlarged drawing. 

[0058] Since InGaN and AlGaN produce distortion of an opposite direction to GaN, respectively, if they 
consider as such a laminated structure, they will become possible [ compensating distortion ]. 
[0059] Moreover, in a nitride system semi-conductor layer with a thickness of lOOnm or less, if 
formation of a high carrier concentration layer is easy and two or more layers are formed, it will be easy 
to concentrate the high-concentration silicon (Si) which is the high-concentration magnesium (Mg) or 
high-concentration n mold impurity which is p mold impurity near [ those ] an interface (between the 
layers and GaN layers containing especially In and aluminum). If predetermined heat treatment is 
performed after depositing p lateral electrode and n lateral electrode, an electrode metal and two or more 
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nitride system semi-conductor layers can react, and magnesium (p side), the high-concentration silicon 
(n side), and the high-concentration electrode metal which are near the interface of those layers further 
can also form the electrode contact with good lifting and ohmic property for a good reaction. 
[0060] In this case, if there is irregularity which penetrates two or more nitride system semi-conductor 
layers so that it may mention later about the following 2nd operation gestalt, the reaction of an electrode 
metal and a semi-conductor layer can be advanced further efficiently. 
[0061] Next, the gestalt of operation of the 2nd of this invention is explained. 
[0062] Drawin g 5 is a conceptual diagram showing the cross-section structure of the light emitting 
device concerning the gestalt of operation of the 2nd of this invention. About the configuration same 
about this drawing as drawing 1 , the same sign is attached and detailed explanation is omitted. In this 
operation gestalt, in the electrode contact part by the side of p and n, etching removal is carried out 
partially and the surface part of a semi-conductor is processed into concave convex. And the electrode 
layer by the side of p and n is formed in the front face of a this concave convex semi-conductor. Thus, if 
the front face of the semi-conductor of a contact part is processed into concave convex, a touch area 
with an electrode increases and contact resistance can be reduced further. Moreover, the peel strength of 
an electrode also increases. Furthermore, the ejection effectiveness to the exterior of the light emitted 
from a part for a light-emitting part is improved with the irregularity formed in the p side. Namely, a 
nitride system semi-conductor has a refractive index very as high as about 2.67. Therefore, total 
reflection of the light which arrived at the front face of p mold contact layer among the light emitted 
from the luminous layer will be carried out at a perpendicularly near include angle except an incidence 
thing. On the other hand, according to this operation gestalt, the component which are scattered about 
several times and finally takes out light outside can be increased by forming irregularity in the surface 
part of p mold contact layer. 

[0063] Next, the gestalt of operation of the 3rd of this invention is explained. Drawing 6 is a conceptual 
diagram showing the cross-section configuration of the light emitting device concerning the gestalt of 
operation of the 3rd of this invention. The same sign is given to the same part as what was mentioned 
above about drawing 1 also about this drawing, and detailed explanation is omitted. 
[0064] The light emitting device of this operation gestalt has the configuration which takes out light 
outside through a substrate 1 . 

[0065] Moreover, in this operation gestalt, since p lateral electrode and N lateral electrode form even the 
golden (Au) layer for bondings at once, it has composition without the titanium (Ti) layer 1 8 which is a 
glue line of an overcoat electrode layer. 

[0066] Moreover, since it is not the configuration which takes out light through the electrode by the side 
of p, there is no need that p lateral electrode not necessarily has translucency, and it can form thickness 
thickly. 

[0067] Next, the gestalt of operation of the 4th of this invention is explained. 

[0068] D rawing 7 is a conceptual diagram showing the cross-section configuration of the light emitting 
device concerning the gestalt of operation of the 4th of this invention. The same sign is given to the 
same part as what was mentioned above about drawing 1 also about this drawing, and detailed 
explanation is omitted. This operation gestalt is the example which carried out the laminating of the 
translucency electrode 23 which consists of ITO (indium stannic acid ghost) to the front face of p lateral 
electrode. It is formed of (Nickel nickel) layer 18' and the golden (Au) layer 20, the overcoat electrode, 
i.e., the bonding electrode, by the side of p. 

[0069] According to this operation gestalt, luminescence which has uniform intensity distribution in a 
field can be obtained by carrying out the laminating of the ITO by extending the current supplied to the 
bonding electrode to field inboard within the layer of the transparent electrode 23 which consists of ITO, 
and pouring in through p lateral electrode. 

[0070] Its p lateral electrode metal is not stratified, this effectiveness is effective especially when formed 
in island shape, and it can pass the current from a bonding electrode efficiently to field inboard. 
[0071] Moreover, the problem of nickel layer 18' having good bond strength to the transparent electrode 
23 which consists of ITO, and separating, the overcoat layer, i.e., the bonding electrode, on the ITO 
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transparent electrode 23, is solvable. 

[0072] In this operation gestalt, in order that a transparent electrode 23 may act as barrier to gold (Au), a 
tungsten (W) layer is not required, and as expressed to this drawing, it is not necessarily good only in 
(Nickel nickel) layer 18' and the golden (Au) layer 20. Or it is also good to accept it golden (Au) 20. 
However, if a barrier layer is prepared according to the thickness and membraneous quality of a 
transparent electrode 23, golden (Au) diffusion can be prevented and dependability can be improved 
further. According to examination of this invention person, especially as a barrier layer in this case, it 
turned out that a tungsten (W) or platinum (Pt) is suitable. That is, if a tungsten (W) layer or a platinum 
(Pt) layer is prepared between nickel layer 1 8' and a gold layer 20, golden diffusion can be prevented 
effectively and the dependability of a light emitting device can be raised further. Moreover, even if it 
used either molybdenum (Mo), titanium (Ti) and a tantalum (Ta) as a barrier layer besides these, it 
turned out that a good result is obtained. 

[0073] this invention person found out the process from which a very good result is obtained, as a result 
of repeating prototype examination about the formation process of the ITO transparent electrode 23 in 
this operation gestalt. That is, in order to form the light emitting device of this operation gestalt, after 
forming the p side contact electrodes 10-12 and giving hydrogen annealing, it is obtained by forming a 
transparent electrode 23. 

[0074] If it explains referring to drawing 2 mentioned above, ITO will be first deposited by a spatter etc. 
after the hydrogen annealing treatment S6 or S10. Next, annealing is given in the ambient atmosphere 
containing oxygen. This annealing showed that the bond strength of an ITO layer and a metal-electrode 
layer improved notably. Furthermore, the sheet resistance of ITO can be reduced by this annealing. In 
order to obtain certainly improvement in bond strength, and the fall of sheet resistance, it is desirable to 
anneal in the temperature of the range of 300-500 degrees C still more desirably 300-600 degrees C in 
the ambient atmosphere which made inert gas, such as nitrogen (N2) and an argon (Ar), contain 5 - 70% 
of oxygen by percent by weight. In order to make it the annealing temperature of this ITO layer not 
affect coincidence to a front process, it is desirable to make it lower than the processing temperature of 
the hydrogen annealing treatment S6 or S10. 

[0075] The light emitting device of this operation gestalt is completed by performing the process S7 or 
process SI 1 which forms an overcoat layer, i.e., a bonding electrode, after this annealing process as 
expressed to drawing 2 . 

[0076] The configuration about the ITO transparent electrode 23 in this operation gestalt and its 
manufacture approach are not necessarily limited to the light emitting device which consists of a nitride 
system semi-conductor, but can be similarly applied in other various applications. For example, it is 
applicable similarly about the semiconductor device using ingredients formed on the light emitting 
device or InP substrate using ingredients formed on a GaAs substrate, such as an InGaAlP system and 
an AlGaAs system, such as an InP system and an InGaAs system. That is, by using nickel as a metal 
layer contacted to an ITO electrode, both bond strength can be improved and the dependability of a 
component can be raised. 

[0077] Moreover, by giving annealing in the ambient atmosphere containing oxygen, the sheet 
resistance of ITO can be reduced and bond strength with a metal layer or a semi-conductor layer can 
also be improved further. 

[0078] If an example is given, after forming a transparent electrode in the p side, in the light emitting 
device of an InGaAlP system or an InP system, it is necessary to give the sintering process by the side of 
n in many cases. In such a case, according to the configuration and the manufacture approach of this 
invention, it can prevent raising the sheet resistance of ITO, and sheet resistance can be reduced rather, 
and the effectiveness that bond strength is also improvable can be acquired. 

[0079] On the other hand, as a translucency electrode 23 of this operation gestalt, the oxide of various 
kinds of metals, such as an indium, tin, and titanium, can be similarly used in addition to ITO. 
[0080] In the above, the gestalt of operation of this invention was explained, referring to an example. 
However, this invention is not limited to these examples. 

[0081] For example, as structure of n lateral electrode, it is not limited to the illustrated example. 
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Besides this, on n mold contact layer, either a hafnium (Hf), titanium (Ti) or aluminum (aluminum). Or 
the same effectiveness can be acquired also with all the structures that prepared the contact layer which 
consists of these alloys, prepared on it the barrier layer which consists of a tungsten, and prepared on it 
the bonding pad which consists of gold (Au). 

[0082] Moreover, the structure of a light emitting device is also good also as the so-called "double 
hetero mold structure" which sandwiched the barrier layer by the cladding layer, and superlattice may be 
used for a barrier layer, a cladding layer, etc. Furthermore, it can apply similarly not only about light 
emitting diode but about various kinds of semiconductor laser, and the same effectiveness can be 
acquired. 

[0083] Moreover, what is used as a substrate cannot be limited to sapphire, in addition insulating 
substrates, such as a spinel, and MgO, ScAlMg04, LaSrGa04, O (AlTa (LaSr))3, and conductive 
substrates, such as SiC, GaN, Si, and GaAs, can be similarly used for it, and it can acquire each 
effectiveness. Especially about GaN, on silicon on sapphire, it exfoliates from a substrate and the GaN 
layer which grew thickly by hydride vapor growth etc. can be used as a GaN substrate, for example. 
[0084] Moreover, in the case of ScAlMg04 substrate, it is desirable to use a field in the case of a field 
(0001) and 0(AlTa (LaSr))3 substrate (1 1 1). 

[0085] Furthermore, this invention can be similarly applied about the semiconductor device of p lateral 
electrode and n lateral electrode which has either at least, and can acquire the same effectiveness. For 
example, this invention is not necessarily limited to a light emitting device, but can be similarly applied 
about various kinds of electronic devices, such as FET (feild effect transistor: field-effect transistor). 
[0086] 

[Effect of the Invention] This invention is carried out with a gestalt which was explained above, and 
does so the effectiveness of explaining below. 

[0087] First, according to this invention, ohmic contact in p mold contact layer is sharply improvable by 
using either of the mixture of silver or silver, and gold as a contact metal in contact with p mold contact 
layer. 

[0088] Moreover, ohmic contact is improvable, maintaining the barrier effectiveness by preparing a 
tungsten layer on the n side contact metal layer at the n side of a component according to this invention. 
That is, like the platinum (Pt) conventionally used as a barrier layer, without degrading ohmic contact, it 
acts effectively as a barrier layer and prolonged dependability is secured. 

[0089] Moreover, when either the hafnium (Hf) mentioned above as a contact metal when a tungsten 
layer was used as a barrier layer in this way, titanium (Ti) or aluminum (aluminum) is used according to 
this invention, a good result is obtained especially. 

[0090] Moreover, according to the manufacture approach of this invention, good ohmic contact can be 
acquired by forming and carrying out the sinter of the n lateral electrode in advance of formation of p 
lateral electrode. This reason is that the optimal sinter temperature over the contact metal of n lateral 
electrode used in this invention is higher than the optimal heat treatment temperature to p lateral 
electrode. That is, carrying out the load of the superfluous heat treatment to p lateral electrode is lost by 
performing formation and the sinter of n lateral electrode previously. 

[0091] Moreover, according to the manufacture approach of this invention, after depositing p lateral 
electrode, the ohmic contact by the side of p and bond strength are further improvable by giving 
annealing in the ambient atmosphere of reducibility. This is the experiment fact in which is contrary 
with the fact conventionally reported about the nitride system semi-conductor, and this invention person 
did learning uniquely. Thus, as a contact metal by the side of p, when giving annealing in the ambient 
atmosphere of reducibility, also when nickel (nickel) is used, ohmic contact sharply better than before is 
acquired. 

[0092] Moreover, if it is the structure which carried out the laminating of an InAlGaN layer and the 
AlGaN layer to the p or n side by turns, and the structure which carried out the laminating of an InGaN 
layer and the AlGaN layer by turns according to this invention, since InGaN and AlGaN will produce 
distortion of an opposite direction to GaN, respectively, if it is such a laminated structure, it will become 
possible to compensate distortion. Moreover, in a nitride system semi-conductor layer with a thickness 
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of 0.1 micrometers or less, if formation of a high carrier concentration layer is easy and two or more 
layers are formed, it will be easy to concentrate the high-concentration silicon (Si) which is the high- 
concentration magnesium (Mg) or high-concentration n mold impurity which is p mold impurity near 
[ those ] an interface (between the layers and GaN layers containing especially In and aluminum). If 
predetermined heat treatment is performed after depositing p lateral electrode and n lateral electrode, an 
electrode metal and two or more nitride system semi-conductor layers can react, and magnesium (p 
side), the high-concentration silicon (n side), and the high-concentration electrode metal which are near 
the interface of those layers further can also form the electrode contact with good lifting and ohmic 
property for a good reaction. 

[0093] In this case, if there is irregularity which penetrates two or more nitride system semi-conductor 
layers so that it may mention later about the following 2nd operation gestalt, the reaction of an electrode 
metal and a semi-conductor layer can be advanced further efficiently. 

[0094] Moreover, according to this invention, if the front face of the semi-conductor of a contact part is 
processed into concave convex, a touch area with an electrode increases and contact resistance can be 
reduced further. Moreover, the peel strength of an electrode also increases. Furthermore, the ejection 
effectiveness to the exterior of the light emitted from a part for a light-emitting part is improved with the 
irregularity formed in the p side. 

[0095] Furthermore, according to this invention, by using nickel as a metal layer contacted to an ITO 
electrode, both bond strength can be improved and the dependability of a component can be raised. 
[0096] Moreover, golden diffusion can be certainly prevented by preparing the barrier layer which 
consists of a tungsten or platinum between such nickel layers and gold layers. 

[0097] Moreover, according to this invention, after depositing ITO, by giving annealing in the ambient 
atmosphere containing oxygen, the sheet resistance of ITO can be reduced and bond strength with a 
metal layer or a semi-conductor layer can also be improved further. 

[0098] As explained in full detail above, according to this invention, the light emitting device by which 
ohmic contact has been improved conventionally and dependability and the bond strength of an 
electrode have also been improved by coincidence can be offered, and the merit on industry is great. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 



3/4/07 



* JP,2000-164928,A [DESCRIPTION OF DRAWINGS] Page 1 of 2 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an outline sectional view showing the semi-conductor light emitting device concerning 
the gestalt of operation of the 1st of this invention. 

[Drawing 2] It is a flow chart showing the important section of the manufacture approach of the light 
emitting device of this invention. 

[Drawin g 3] It is a graphical representation showing the current potential property by the side of p 
lateral electrode of the light emitting device which this invention person made as an experiment. 
[Drawing 4] It is a graphical representation showing the current potential property by the side of n 
lateral electrode of the light emitting device which this invention person made as an experiment. 
[Drawing 5] It is a conceptual diagram showing the cross-section structure of the light emitting device 
concerning the gestalt of operation of the 2nd of this invention. 

[Drawing 6] It is a conceptual diagram showing the cross-section configuration of the light emitting 
device concerning the gestalt of operation of the 3rd of this invention. 

[Drawing 7] It is a conceptual diagram showing the cross-section configuration of the light emitting 
device concerning the gestalt of operation of the 4th of this invention. 

[Drawing 8] It is an outline sectional view showing the structure of the conventional light emitting diode 
using a nitride system semi-conductor. 
[Description of Notations] 

1 Silicon on Sapphire 

2 N Mold GaN Layer 

3 N Mold AlGaN Contact Layer 

4 N Mold GaN Contact Layer 

5 N Mold GaN Layer 

6 P Mold GaN Layer 

7 P Mold AlGaN Contact Layer 

8 P Mold InGaN Contact Layer 

9 P Mold GaN Contact Layer 

10 1st Metal Layer 

1 1 2nd Metal Layer 

12 Tungsten (W) Layer 

1 3 Brock Layer 

14 Hafnium (Hf) Layer 

15 Aluminum (Aluminum) Layer 

16 Hafnium (Hf) Layer 

17 Golden (Au) Layer 

1 8 Titanium (Ti) Layer 

19 Tungsten (W) Layer 

20 Golden (Au) Layer 
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22 Protective Coat 

101 Silicon on Sapphire 

102 N Mold GaN Layer 
106 P Mold GaN Layer 
113 Insulating Layer 

121 Transparent Electrode 

122 N Lateral Electrode 

123 Bonding Pad 
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[Drawing 1] 




[Drawing 2] 
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a-ri.xst, 

[000 1] 

«±tCGaN, I nGaN, GaA 1 tl%:i&&fflb% 

so trtK&jmzmb. 
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[0002] 

[000 3 3 a*. *WC#ivt rotWH!»»j fc 
B, I n,A 1 zGa(i-.-y-i) N (OSxSl, OS 

HC> V^TC^tLtti. NfcJniTyy (P) 

^ats (as ) *irfe***r*a*i*t»fc<oi:t4. 

[0004] BflaiflMI*»*tfflV^»t^-f *- K 10 

(led) wwu-irfc 

[00053 JiTF. BflSBflH^tlBv^il^WWff 
[00063 08fi. fiMbftJR^fls^fflv^aaJO* 

*^-r *- Kotffit»«tmnfiiBrrft * . -9-7 r -f 20 

73Hgl0 1ft_hfc:. GaNA 7 7Tl (H*W . 
nfGaNll 0 2fcpSGaNiIl 0 6* J fe 9 B )SS$ 
*U pfiGaN*10 6OH*WXvf-y^ ,r lfc*8JtT 
nfiGaNJI10 2*qtH18<lT^6. pIGaNl6 
0>±(c(iplSMIi*ff (Au) 121. ip»yf< 

y^s^TK«aD9Lhffl<oiea«i 13, *<o±tp 

«BJMS1 2 1 fcga&SfifcpfflStfVr-f y^mfiil 
2 3 (Ti/Au ) tfMtSiU SfetnlGaNii 
fcn»tffil2 2 (A 1/Au) «rJftRS*l'Ov&. 
[0 00 71 H8<?5«*^*-l«(C*JV^tt. pfflW 30 
^fc«8*tfaEtt4*Wfc*>A*«IMSl 2 1 t'li 
ttfifalzfflifbtl. plGaN1106KnIGaN 

1 1 0 2£wttf&xztixmiL. zcommwm 
1 2 1 &imix j ?-»/7Mzn t )iiizti&. 

[0008] 

[^* ? ft?*LJ:^i:-rSPM] U>U H8fc015*L 

*-zv?tmzzit$>zktfmt^\ $<^c mm 40 

[ 0 0 0 9 ] SflSfc3R¥3WWi. flSWWr'* x » 

£^X*-$ <tt*tihb^oXm±. 
[0010] *»BBtt. £*>J: dfcWUfcftVC&Sfi 
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[00 11] 

2o«t. uresi 1 nmzimixm htitz p rots 
t . Hiriem 2 oflesM tTiSft $>*ifc n ranst . * 

fit*. MepfflMlffiti. 19011 ftflfcfcMLTRW-fc 
it. m (Ag) MHWaav^HIi:, fulfil? 
^hloiciit'ifut^y/xfy (w) frbHim 

5 7 ? SrUffit- s £ fc & . 
[00 12] Huie^y/^ry (W) 3&»4,=3rft 

JBft±t, ^RiM**^**aaeiEWBRtR»t*i 

X'Zh. 

[ 0 0 1 3 ] $ flWEji3KttW«KO±fcBHt4>n 

(N i ) *>6^4JB*#t«.il:(cJ:0. aftttSHBR 

[0014] *fctt, «WosmWBS3Bimi. pS 
ft»t!»5R*IWW»6*&»lftlt. nScoattiS 

(t^^pfflimffii:. 19£»20*CiettL-Ci!»tfeii 

tjgMtTiSJt^ix. a7_>>a (Hf ) . rn-s-'* 
a (A 1 ) AVj-fy (Ti ) cowTfrfrtift&ay? 

(w) a^&s^ynfc. B?ia^'UT«o±(cis 

ttfeixfeA ( Au ) frhtthitvr 4 V7 ■ *v HI 

5 -y h bbi> fcA' 'J TJBj^^tf^ffl I 

[0015] *^C0M4 Uif«*ft»*fc ix. Bine 
»lft»i. pS^F-A-yhSr-i-^iLSJf^'l OOn 
mWTfta»ftl*»fe*0. «nE«Rft«li, 

tmbi. zt,iz*-$-y7®Mzaiwi-z>zbtfX'$ 

[0 0 16] ZZX\ friem2c0lti. nlWH-AV 
h ***LJiflW 1 0 0 n mUlTft^Sft«*»4>=5r 0 , 

[ 0 0 1 7 ] BirlB^ 1 ft«fclWEIB2ft«ft^=0r 

< 1 1 w ^-rti^Hi . urettffi t »nw h mizw&tfw. 
mmxmTz-t. mmcom^mmtizb^x' 



3/5/07, EAST Version: 2.1.0.14 



(4) 



32000-1 64928 



[ o o 1 8 ] *fcut, *mn¥mfo%m?ii. *m 

fc . MSgftttSTOCtgltt l/CRWlfc- -y ^ ( N 

i ) a>4>£sifc. mitm 

¥mmzm$>-f. I nGaA 1 PJW>I nP^fcoS 

ist . mnmmfocomi p si^wc p v 9 9 

[00203 tmt. xmntmftftixmTimm 

sis k . mmmmminrnmcowz noma y ? 

a-r*isk. fris«fl«=oiaiepM«o«tpffl!i3 
y?? hmffii^js-t&xmfc. wt&tfxzttfit 

1 0 0 2 1 ] zix\ *m<nm i^mmmmt u 

T. «flBn0l3y*?l*fflWKi. /\y-VJ± (H 

f ) . 7/k$-?i>. (Al ) &tf?-?y (Ti )OWf 30 

tlh. 

[00 22] tfz. mtlvmny99h%Wt. ® 
(As) £"£Wt & £ft£ it- -y riV (N i ) ff)\xf 

[00 23] flfflp«3y*7h«ffi!<0±fc:& 
«lMfcfl^^*j83KffiWIJ»*»)iW-6lSi, BBR 

BP)*/- Mffl5ESr«T$-«tW«iMEfc*< * £ t 

[0024] **wi<owf«&#*^iBftfir 

?BW££t?¥Sf^ltt£JfM1-|>Ig£: . ® 

jtefcttWSJUtadfia-tilSi;. fcflttfcifcfclSa 
t U SfMt^MlttfclR^ I nGaA 1 P^I 



[0025] 

<7mi&<mmo\ >t shw-s . a 1 a . 1 

OiKGaNA 7 7ri (05^:1*) , nSGaNl 
2. niAlGaNa^?H3. niGaN3V? 
7bl4. nIGaN15, pSGaNl6. pHA l 
GaN3y?^M7> pIInGaNay??M 

8. P iGaN3y^^M9, mmmmztitzffim 
[0026] pwt®i. T&mv&txy? < ■ 

19<o±fcti. S i 0t%Zfrt>*j:h7n<y9m\ 3tf 
&fMl Q/Klto&MMl \/9V9'x^y (W) 1 

i 2 s-sti Ltimmmmm^ tix v ^ . 

[0027] 707 711 3(4. ^yf<y/'^yH 

wztvftzTmt&xoizztix^h. 

[0 0 28] W,l<r&miQtLX\±, I(Ag)5: 

a. ^ (au) zm^hzttmtiw ttz\t. mi 
n±mmiobLxmt±tcom^^^\ w.2<r>± 
mm*'mi>x{>&^. hh^\t. mmm-hXo 
*wNzm$cr>*mT-->vzmt^zi,t. w.\ 

^gllOiL-C-'y^/KN i ) £fflv\ iB2<0A 

[ 0 0 2 9 ] 7n y 7 11 3 <7)±tC(±. jgftttSflilic 
f-^y (Ti)li8, ^y 

7Xry (W) JBl 9, * (Au ) Ji2 0*i"<OJ«K* 

f-^y (Ti )H8iiSfi. ^y^xfy (w) i 
1 ^ (Au) 12 0(i^yr''f y^lfc 

[0 0 30]-*. nfay?; M4«0±Ctt. nfflj 
V&m&ZtlX^i, -ttcbh. yN7^^A (Hf ) 
114/T^S-^A (A 1 ) 11 (H 
f)116/^(Au)ll 7*»iO)»fC«l«S<X. 
S4>fc*0>±fc(±. f-?y (Ti ) 11 8, ^y/xf 
y(W)119,i(Au) 12 OSrdOlIfcittfllUJt 
#yf ^ y/A, H»3We*S#i.Tv^. 

[003 1] I Cf. W<^(Au) 11 7(4. 

(Hf ) 11 6S:«^'tS d f J ! "y7-li:L-C^ffl 

■r*. ^fls+^o^ (Au) <nmfcftxm<'tz#> 

^ ( A u ) 1 1 7 <7)lJ?<4JtW?S< ^BKt I. CI t 
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[0032] f-^y«i8{i. mmtixitm 

[0033] 0*U: nflOltSSl^fSiiti, -{B]t$r 
fcv*. WCIi. nl3>^? r-«4 t&«r7 

A7-->A (Hf ) , f-^y (Ti ) itz 
tiT^5-^A (A l ) <7)v>-fii*>T'S>0. *0)±t* 
y^xfv (w) *^^s^''JT«* J i£tt^ 

t, *0>J:fc& (Au) 36»4>^4^yr-f ^•^■yH 

[0034] »3e3R^o*E«. s i oifrttiam 

BS2 2t JiOftbiirv^. 
[0035] *»Bflo363K« : FJi, JjLhBWJLfcflWfct 

[0036] *3*BHt=imar, pin 
y?? vm9tim-thoy^9Y±^,iLx. m* & 

9. pg3y??bB9fcO;r-$7?JgM£*<ItK 
HA. £ft£<0£**^fM£3 V* 7 r- 

I 0 0 3 7 ] 4fc s *WWcJ:*ltf, *^*5nfi|fc*JV> 

/*ry«i9§:l&tt££itJ:9, ^y7«ftt«ft 
Loo. ^-5-y^fttt*acaft4ii:*«TS6. 7=5: 

#7*. 196*0: . n a* U7JffcLT(i. 

(pt) ifim^htih^tifi^t^tz. i»u s& 

fc LT^ffl-r*. ft^x, tfy-f^ y^ • ^-y mm. 

7%t'<n%i§jLn<?>mz&&tfnmay?? him 

[0038] ztuzftix. *mmt* nltSW-! 
VTMbLXfryfAJ-yMZft^lZbliZ]:*). 7- 
5 -y 7 -I t & < » «aBISkO®Rtt*<« 

fcl/c. ±aLJt^7-f>A (Hf ) . ^y (Ti ) 
4tett7/i'S-'>A (A l ) ^vvtfhj&»£fflvv£#£ 

[ 0 0 3 9 ] 3 fcfc. ^BHfciiXtf . Cilfe^Rffl* 

8 fcfc7-$??*ttfci3#74;r 
&t, *f6^(7)^K5j5^<7)$jJt*ffi{c-)V^SiB^ts. 
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£7. Xf'y/SIC^L^J:: 
t. 77-M7«Kltf>±fc:, ^#*12-9Sr)i»SS 
&J&R7I.. #JB<0*Sft)S«i. Witf. MOCVD 
(metal -organic chemical vapor deposition) . A-f. 
Yv4 FCVD, MB E (molecular beam depositio 

n) tzzn-mizkynozbifiX'th. 

[0040]&t. Xr-yrS2t7rcU:J:3t, pffl 
flfcx-yf-y^S. 7&;b*>. pS^«s*^=5ri.l 
6-9$:, aKf?W^X>yf-y/tTnSGaNl4SrS 
10 BS*4. JtttWtWU 0!£K. PEP (photo-engrav 
ing process) ffifcl 9 A^-xy/L , R I E (react 
ive ion etching) &iV)X-y7y:?"i£tJ: Ox-yf-y 

[004 1 3 act. XT'y7S3t*t^J:5t, nfl 
r-g|5£Jgi£7l>. IftWCIi. X 
* 'J y^ffi&fc't J: OGaNny?? 
M4(0iC, A7X^AJil4/7/l/SX"7All 5 
//\7X>>AJ116/£/117&J:£lt«U U7h7 

•imz zw--y??h. 

20 [0042] Jfcfc, Xr'y7 > S4^LitJ:dt. nil 
m®coay?7 hfflcoyyfZffo. ftftWtte, IrU 
tf. fiHR^»H*+t*JV^T8 0 O'CJiLhT'2 0W 

[0043] &t. Xr-yrS5*Jt{iS8t^L)tJ: 

3 1 . p weso 3 h <mmwm zmfc? h . 

WJdi, S2If^^^7 ^ U y7m%blz£ 0 pS 
3y;?M9«it:. »lw4t«110/» 203^1 
ill 1/^y^ry (W) «1 2^i:'5:Jl<Xttffl7 

30 IB. jSt^t^-^J. *fc{i->y7/U0V^-m*»T** 
6. 0. 5-10nmgJg 

b-f&ZbtfmtLW tiis ®b&b<?>WiG®b-?h 
*§£t«i. ««oiWi. l~20K^%SStt. 
fi-&*«c7)JI^<4. 0. S-lOnmS^ttS^t* 4 

0. 5-5 nmi:7l>di:* ? a^ 

[0044] dcoftoisti. pvm&^muzfctx 

m-mtch. -$%hh. ^r-y7S5t*L^:J:3t. 
3y^^h^StLT- y7/l/S:ffl<-^^t{i. Xf 
40 •y7°S6ti30T. a5£1fc!rx^**Lfc#H»+t > 7 
x-;w$rSfe7. SjttttfxfcLTti. **^tfflv^ 

^?yx 1 7 s i , 0.1% 

5 0 0'CWTi:7I.C:i:* { a^ LV^. 
[0 04 5] Kt. XT-yrS7t*U>:«t'5t. ^y 

yy- vmmtz. ja#wt«. 

ffi*x^?*yy* r 8;fciffcj:->-t. 7^y (Ti ) i 

18. ^y/X^y (W)«19.^(Au)12 0$- 
50 d<OJStJfl«7S. 
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ttwai. mmwm^wz&^x 6 o o'cw±8 o o-c 
UTnm.x-mmm-t. mma. mm, 750 

°CX® 2 0 &m -t h z t tfX'Z h . 
[0 04 7] <Xfc, Xr^S 1 0£^L£J:o£, 51 

[0 04 8] MZ. ZtvTS 1 HZTjkUzXolZ. # 

&&*?XJSv?V>7&%b'l,zX.'>X. (Ti) 
118. ^y/Xfy (W)J119.4t(Au)120 

[0049] JS±«IgCJ; "J . *BH<W**f&#* 

[0050] *»^<^«!)i*ffittJV^Ttt» * -f . Pffll 

biz£<0. S«/^ - #T'£ 5 . 

7 t -y7'S4t:*J»tl>nfl|1W^)^>'^a*tt, 80 0'C 
Ja±T»4«)K»LT, Xf»7S6. S9. SlOfc 

«tt*)!WPKft«tt, v>-rnt 8 0 o°cott-&i> . ft 
[0 0 5 1 ] sWMW)«wrifefcJ:*uaf. pflK 

tt£*E«Ufcttfc:. xf77S6. S 1 Ofctswtajc 
«tt^W*3§lKS: £ <•> £ t 4 . 

ti<of* 9 . ^wmtfmizm^ucmi 
wnx'bi. -ttchh. ft*«, **»Hjiwcpffi0> 

^♦(s+C^Six*^*^^ (Mg) =5t£V)pM 

f - a- y h acrcsww- ht^i mmms ztix^ 

[0052] iflfcttl/C, *3&#&tt. P^§« 
tjWR**tr»l!«+-CJS«ia*ilrt-i: . *-§ » ?S 

jgfc n% i mtf*mz®.%istii ztifOLtt:. ztx 
it. gitwict±. p®.*m&mco±.z^mmx'mo zt 

pS^ft«+OpSh'-A-yh^}Stt-fb$r 

zzmm&tbzttfX'thfrbx-hhiLimzti 
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1 0 

4. 

[ 0 0 5 3 ] 0312, *fK8#36 t Kf^Ufc«aaH t OP 

T\ pfflflt&M:. fil OO^rn, txmtLtz. 

y??b&JgtLT^ (Ag) S-fflv\ TK^Sr^tf^ 
^"X#H^+T5 0 O'C 1 04Ha»T--7PS:itLfc* 

3>f?h&mtixmm\ frmzsttmn.*? 

10 «T--A/li«84^«ftft4. 4fc. r ft*(yijj b 
*Lfct><o»i, pfiiJ^ny^^h^jRtLT^ (Au ) 

?T**>4. 

[00 54 ] 03A>£>. plMcony^^ h&JSi: LTtB 

20 [ 0 0 5 5 ] -3k 04 tt, L^c^3t^ 
^CD n «WSKO«8S«EEf*tt* 7 Hf* h . 

niimffiJi. BIHI3 5 0MmtL.fc. 04fcfe 
^t. r^B|j t«Liti«li. nfflWMJifcL-CA 
y-*7 A (Hf ) 5rfflV\ AiJTlt Lt^y^TV 
(W) ^ffl^fcJIfFTfti, r ft*Wj fc«U: 
t><0(i. pfflOay^^b^WfcLTT^S-^A (A 
1 ) *fflv\ A'ljrStfCa^ (Pt) 

[ 0 0 5 6 ] 040>fc. *JMHfcJ:*UX, ft5S<t 0 i>£ 
30 JU»fiu6*^(Bfcfi»t 4 i fc iWW»4 . 

ny^^hWcr;uS-^A (A l ) ttdt*f> (T 

[0057] pfli^fcJinlffltfcftS^V^^hWificO 

fciot-, InAlGaNltAlGaNlt^It 
ffiSLfcfSfii^ I nGaNit A 1 GaNJli:££S 

[0058] InGaNiA IGaNIt GaNKftL 
X*tl?tl%M1}$wmX-Z£.i'&(OX' , ^cr>«J:a^a 

[ 0 0 5 9 1 *fc , lOOn mKlTOJf SWfifl:*** 

«0/S«r^fiKt4t-e*i4>W*ffiW3S WKI n^A 1 $r 

S«7/*5/</A (Mg) A4v^inS^lt«rC*6l5 
M^'J^y (Si) ^tfU^V^. pltl^n 

<0*Bft3fit:***iME«)v/*S/'>A ( pffl) ^'J 

50 ay (nil) tmm&mh&i&KRj&z&z u 
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■y?»tt0>fi»$rwi3y*? vzmm&zbtfx-t 
[0060] zvmz, &co%2mimBmixm 

[ 0 0 6 1 ] «£, WJ<O»2<OSt»0»B»fcoivc 

[ 0 0 6 2 ] H5I4. *»«O»2Ol5ifr0«!Bt:*»*» 
***3^»na^*«t1R*EI'CAS. HHfcon 10 

n (fflc7)«ffi 3 > ;? ? h t*J . ¥SftOflffi 

m<7)*mft(Dmmzw{hmzi}nxi-& t , m@k 

f«ffifgtftt*U ny^hfifitfcSfcfcffiifrfiik 
HflSft JIMNWWi . Jiff 2. 6 7 g* fc SfcT * 

s. 

[ 0 0 6 3 ] iKK , 3 ^(BiOJKBtfcOV >T 30 

■WW"*. 06 {4. #»yjro»3<03aft«tfBffifcA>*>* 

{ 0 0 6 4 ] 43tfm09BBR?Ut. £K 1 Srtf 

[00 6 5] 4fc. ^ISS»SMci3V^tt, PlRf. 
Nffflmflgfc fctiJO-r-f V7mcr>& ( A u ) JSa?£- 

T'^&f-^y (Ti ) miSffte^WSLbtc-iX^h. 40 
[00 66] ifc. pHOWi^LTJtSROaj-rfll 

HU*<. 

[ 0 0 6 7 ] <Xt. *«W^>*4<05atW»!BMCOV^T 
[ 0 0 6 8 ] 0714, *m\CD%S4cr>mtiZcr>BBI,zfrfr 

&^%wwmmi$.*&tmmx'$>&. hbkoh 

I TO (-f yi^AMKftft) *»4>*4i83fctt«S2 3 50 



^2000-1 64928 
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a-bWWfcjbfctfV'F* y?Wmt, -•v'riv (N 
1)118' k& (Au) 12 0<cJ:>)#Jifc5ivO* 

s. 

[0069] *S8JBBJB(Cj:*tfi\ ITOfc«W*£ 
k£«k 0. ^f'f y^^WK«lft$nfc«aSr I TO 

[0070] dtf>$MMi, p ft 

mzB®,atix^i%>&zmz9}mx% o , < 

[007 1 3 4fc. --/'rivm 18' Ji. ito*»4>* 
& jBOKS 2 3 K» LT #*3gS* J ft»T'3!) 0 , I TO 

>/M>WW #*i & k v * 3 rflIB £ HWlKt & - k ifX'% 

[0072] 1&m$mz%,^X\t. PH2 3A% 

(Au) Kjtr4^'jrkurffffl-r&fc«>. *-n.t 

?y/^fy (w) JH&#gT*t2:&< , NHfcJtLfcJ: 
5t-7^KNi)118' k&(Au)l20£># 
X'&\ ifctt* A (Au) 2 0WVt'ilH\ fit, 

t.A(Au) vm&m^x'mm&zzMzmtz 
z k s . *#pj#*>ttWK 4 *iur . <r m&n* 
VTMblXte, fyfxr-y (w) 4jt(i, SA (P 
t) ifflftiU^iit^-jfc. t^r*)*>. -7 
ir^JH8' b^m2 0bcr>mz9yyxTy (W) m 
ttM&& ( P t ) Jf £f£W-& k , ife<0j£«!t»SWt 

m±ix%ftm?mm&zz t,£*Lk%itizbtfv 

*6. 4fc, itifeJJW-Cfc, t'JTTV (Mo) , f- 
^y(Ti) (Ta) CO^-ftlfrZ'VJT 

mb ixm^xi>$kmm%ii i fthti& z t mt>^ 
[0073] *mtmBizm& i tos 

tern* mxm%ta&mi>tii?v-tzt:n.&i 

pfay^; bm^l 0~1 25r^fiKL. tK*7--/1- 
tULfcftfc. 3ieMffi2 3£^l£-t^kKJ:9#<b 

[ 0 0 7 4 ] MSB UfcH 2 » tooBWH-f * k . * 
•f, **T--/W!SiS6 4fc»iS 1 OOttC. X^'-y 
^jS^k'ti 1 ). iTOtlMW*. 

i Tojfk ^srnsM k tfoft*3Sjt*wtex#ts - 
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( N 2 ) *?T>V3y ( A r ) ^t'(0?}Stt^|;ll@ 

ft\tx5~~i o%<nmm^^tzmmf^¥x\ 30 

0~6 0 0°C, $<o{cM^L<(i3 0 0-5 0 0-Ctf0lE 
K, ;<9IT01c7)7--/l/iaJSyi, 1u<0Ig(;:*tlT 

[0075] ^<7)T--;Hgc7)mic. 02KSll.£J: 

«-TI»lSS7*^igs 1 iz$mi-&zktz± 
[0076] 43Kfflgntcfel-?* I TOSMWI2 3fc 

w^v^Ti)[3i«t35iffl-ri»^fc* i 'T'&s. mm. g 

aAsS«0±tJB*-t4 I nGaA 1 P%*A 1 Ga 
A s*fc£OWB£ffl^fc$63iaiFP*4 ir Mi I n PS« 
»±SyMW4 I nPJR^I nGaAsJRfriTWttf** 

&Zto±ZitzzktfX'$&. 

[ 0 0 7 7 ] K***WLfc»HSW'TT---A< 

k <?>ftmmzzmzimt& zktx-z 

[00 78] -m*mfhk. InGaAlPJW>In 

inar, iTo«i/-MHtfcJ*«**£i:*i»*', 

[0079]-*. *HS£^®OjS3\y4«ffi2 3 1 LT 
14, ITOBJMlfc. Witf, ^S^A, -Tf. 

y& zn&mn&memitm nmzm ^hzktfx-% 

[ 0 0 8 0 ] JS±, ft*MSr«BLoo*5«B<^l««) 

[0081] Witf. niim^coffl^t L/C 14, 

hMn±£* (Hf ) , (Ti ) *fc 

«4T;US--7A ( A 1 ) tf>Vvtffl0»*fcH, CfL^O-^ 
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ABSTRACT : 

PROBLEM TO BE SOLVED: To improve ohmic characteristic by forming, 
in a p-side electrode, a contact layer which includes silver, in 
contact with a layer made of p-type nitride semiconductor and forming 
a layer made of tungsten on the contact layer. 

SOLUTION: A p-side electrode is constituted of a light 
transmitting electrode and a bonding pad section. More specifically, 
a block layer 13 comprising at least Si02 is selectively formed on a 
p-type GaN contact layer 9 and then a light transmitting electrode 
stacked with a first metal layer 10, second metal layer 11, and 
tungsten layer 12 is formed on the rest of the surface, As the first 
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metal layer 10, silver is preferably used. As the second metal layer 
11, gold is preferably used. By using either silver or a mixture of 
silver and gold for contact metal to be brought into contact with the 
p-type contact layer 9, an ohmic contact with the p-type contact 
layer 9 can be improved. 
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